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SECTION 1

INTRODUCTION

1.1 OVERVIEW OF PROJECT

Radomes constructed from a Kevlar/polyester composite are being produced for the
U. S. Air Force Milstar Terminals for use on airborne platforms. The radomes will be
inspected in the field with hand-held ultrasonic test equipment. The correlation of ultrasonic
signals to specific flaw types in this new composite requires careful manual interpretation.
Consistent logging of defects and proper application of inspection procedures are also
important to allow the results from different inspections to be compared.

The MITRE Corporation is prototyping a computer-based training system that will train
nondestructive inspection (NDI) personnel how to inspect Milstar radomes using ultrasonics.
The Radome Inspection Trainer, henceforth referred to as the Trainer, consists of a Macintosh
computer system, multimedia software tools, and software developed in an object-based
programming language. This work is being performed for the Air Force Electronic Systems
Division (ESD) and coordinated closely with NDI personnel from Sacramento Air Logistics
Center (SM-ALC).

Most NDI training is conducted with written procedures, real parts, and test equipment.
Computer-based training in NDI has been limited to question-and-answer programs that do not
capture the inherently visual aspects of NDI. The Trainer capitalizes on state-of-the-art
multimedia tools for composite images, digitized video, test sample (radome) graphics, still and
simulated signals, talking agents, and other voice. This experimental application has
successfully shown how multimedia technology can provide highly realistic, interactive, and
cost-effective training environments for NDI training.

1.2 PURPOSE AND SCOPE OF DOCUMENT

This document describes the displays, functions, and multimedia features of the Milstar
Radome Inspection Trainer Prototype. This description covers the use of the Trainer by three
classes of users: students, trained inspectors, and designers. Display hard copies illustrate
user threads through the Trainer. The document also briefly describes the evolutionary
development plan, architectural design, and commercial tools and utilities used to accelerate the
prototyping.

The purpose of the document is to provide a functional, easily readable description of the
Trainer. The document is not intended to serve as a user's manual nor is it intended to describe
the detailed design and implementation. Both topics will be presented in depth in future
technical reports. We make no assumptions about the reader's background.
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1.3 ORGANIZATION OF DOCUMENT

Section 2 describes the current inspection process for Milstar radomes and highlights the areas
that require considerable expertise and training. The prototyping objectives for the Trainer are
also presented in section 2. Section 3 outlines the display organization and presents functional
threads for student. instructor, and design users. In section 3. we also discuss system
execution and installation. In section 4, the development plan. architectural design, and
development tools and utilities are briefly described. Section 5 includes other areas in
nondestructive evaluation that could benefit from the applications of multimedia computer
technology. Finally, we present our conclusion in section 6.
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SECTION 2

BACKGROUND

2.1 CURRENT RADOME INSPECTION PROCESS

For the purpose of the Trainer, the Milstar radome refers specifically to the Milstar Airborne
Command Post EC-135 antenna radome. The radome is approximately 18 feet long and 6 feet
across at its widest point. In addition to being a large structure to inspect, the radome has an
unusual shape. The radome is constructed out of a Kevlar/polyester composite (15 plies) and
is only 0.15 inches thick. The composite has been selected to meet the stringent transmission
efficiency requirements for Milstar. Experience with this new composite is very limited:
therefore. structural integrity is a particularly significant concern. Inspections on the initial
radome. being conducted by NDI scientists from SM-ALC. occur frequently.

Inspections on the Milstar radome are performed using pulse-echo ultrasonics. In this NDI
method. ultrasonic energy is transmitted between a transducer and the radome through a
coupling medium, such as water or gel. fhis process is illustrated in figure 1. Couplant
excludes the air interface betw, en the transducer and the radome. Ultrasound waves are
propagated through the radome, and the reflected energy from the front and back surfaces are
received by the transducer and displayed on an ultrasonic meter as amplitude over time. This
presentation is called an A-scan and is used in most field applications. Notice that figure 1
shows the front surface echo (FSE) and back surface echo (BSE) of the radome. Any flaws
kor discontinuities) in the Kevlar/polyester composite will be shown as reflected echoes in the
A-scan between the front and back surface echoes. In addition, reflected energy from flaws in
the radome will result in loss of the BSE. Consequently, loss of BSE is the primary criterion
for detecting flaws.

The A-scan also contains distance information about where the flaw is located in the radome
material. When a flaw echo is shown on the ultrasonic meter, its position relative to the front
and back surface echoes indicate how far into the material the flaw is located. An echo close to
the FSE indicates a flaw near the surface: an echo near the BSE indicates a flaw near the inside
of the radome. A signal with negligible echoes between the FSE and BSE indicates that there
are no flaws at that location. Figure 1 shows a scanning electron microscope (SEM) image of a
flawed area of a radome. Notice the positions of the echoes in relation to the actual positions of
the front surface, flaw (discontinuity), and back surface. Further information on ultrasonic
inspection and other forms of NDI is available in [1].
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Figure 1. Pulse-Echo Ultrasonic Inspection of Milstar Radome

The inspection procedure requires the following equipment: a portable ultrasonic instrument; a
5-M-Hz, 0.5-inch diameter transducer; a 0.5-inch long, Lucite ultrasonic delay liuie; a 11W Type
2, aluminum ultrasonic reference block; water, oil, or gel for ultrasonic couplant; and a 6-foot
minimum length coaxial cable. The inspection procedure also requires specific steps that must
be followed to properly calibrate the ultrasonic equipment and perform the inspection. These
steps will be outlined in paragraph 3.2, in order to illustrate how the Trainer closely simulates
real inspections. The Trainer displays shown in paragraph 3.2 will also serve to explain the
different inspection and calibration steps. To explain the training challenges for this inspection,
a general description is given below.

Calibration of the ultrasonic equipment is a critical first step to performing inspection. If the
calibration is performed incorrectly, the results of the entire ir. ;pection may be incorrect.
Calibration of the test equipment is performed using an aluminum block (as opposed to a piece
of the composite) because of concerns that the Kevlar/composite's ultrasonic characteristics
may change over time. The inspector will adjust the controls of the ultrasonic meter by using
the test block. The control settings are critical. For example, the inspection is particularly
sensitive to the frequency setting. Higher frequencies will provide greater sensitivity for
detecting flaws but require greater power to penetrate the composite material (frequencies
between 2.25 and 10 MHz are typically used in pulse-echo ultrasonic applications). Also,
since higher frequencies are more sensitive, the resultant signal can interfere with
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discriminating between nuances in the composite and relevant flaws. For this particular
composite, a frequency of 5 MHz has been recommended for deteting flaws as small as 0.1
square inch.

After he has calibrated the ultrasonic test equipment, the inspector will mark the radome in
one-square-foot sections and inspect one section at a time. Inspections by experienced NDI
personnel from SM-ALC take 20 to 40 hours. The lengthy inspection is a result of the
radome's large surface area. Furthermore, it is difficult to watch the ultrasonic meter for signal
changes and move the transducer in a precise scanning motion so that none of the surface is
missed. Flaws in the composite can include, but are not limited to, manufacturing voids
(porosity), foreign material inclusions, delaminations, anck impact damage. Some flaws have
fairly obvious signal changes; other flaws have very subtle changes and will look like a normal
signal. The inspector must carefully record the results so that small flaws can be tracked over
time, from inspection to inspection. The inspection is manually intensive, requires
considerable expertise, and is not covered in existing NDI training procedures. The Trainer
will allow a new inspector to practice this inspection before inspecting an actual radome. The
specific objectives and requirements for this work are outlined below.

2.2 PROTOTYPING OBJECTIVES

The general mission of the Trainer is to improve the reliability of Milstar radome field
inspections, entailing a number of functional objectives that address the required capabilities of
the Trainer. An additional objective is to reduce development costs and provide an evolving
capability that NDI experts and potential users can evaluate.

First, the Trainer shall help new inspectors learn how to correlate ultrasonic signals to
particular defect types. Signal recognition requires considerable expertise and correct
classification of defect areas is critical. Because ultrasonics is signal-based, the relationship
between actual waveforms and physical properties in a test sample is somewhat abstract.
Moreover, subtlc differences between waveforms can take time to learn. The Trainer will store
digitally acquired ultrasonic waveforms from actual field inspections so that students can
practice with real data. The library of ultrasonic signals stored in the Trainer will also serve as
a reference standard for defect classification.

Second, the Trainer shall facilitate consistent logging of defects. An inspector, upon detecting
a new defect in the Trainer, must enter specific attributes to describe the defect. The attributes
include the type, size, and location of the defect. Consistent training will improve the chance
that field inspectors enter the same data when logging defects. Careful recording will also
permit the results of one inspection to be compared to subsequent inspections so that defect
growth can be tracked. Many defects will not ground the aircraft but must be watched carefully
for changes.

Third, the Trainer shall provide practice on various aspects of the inspection process, such as
calibration and scanning with the transducer. Field inspections can easily be flawed by
incorrect calibration or imprecise scanning. Multimedia technology can have an enormous
benefit in this area over conventional teaching materials; typical training methods do not
emphasize 'hands-on' practice. Inspection instruments, such as an ultrasonic meter, can be
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simulated to interact with digitally stored radomes. Graphical images of radomes can be
manipulated in real time by the student user. This same approach is not peculiar to radomes; it
can be readily applied to other test parts and inspection problems. In short, multimedia
provides an inherently visual training and educational environment that cannot be provided
using conventional training methods.

Fourth, the Trainer shall provide on-line help and tutorials for novice students. Once again,
multimedia technology offers an inherently visual framework for introducing new information.
The Trainer shall use sound, voice, imagery, and video to provide on-line help that is both
informative and engaging. Furthermore, the Trainer must assume minimal computer expertise
since many users will have only limited computer experience. As such, a point-and-click
interface is provided that minimizes keying in information and the chance of user input errors.

Last. developing the Trainer shall require only minimal resources. Although custom software
is being developed, it is being carried out by a single engineer and accelerated through a
technique called rapid prototyping. To help satisfy this development objective, the Trainer will
capitalize on commercially available, state-of-the-art multimedia and software tools. The
commercial tools allow highly functional prototypes with sophisticated user interfaces to be
built quickly while minimizing new software development. Costs for the hardware and
software are also small -- development is occurring on a Macintosh computer system using
readily available development tools. We describe the development in more detail in section 4.
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SECTION 3

FUNCTIONAL DESCRIPTION

3.1 DISPLAY ORGANIZATION

The Trainer has been prototyped to address the key requirements of three types of users:
students, instructors, and designers. Consequently, the organization of displays and functions
is divided into three areas, as illustrated in figure 2.

* McoR Dat Importing

0 CauplaNt Preferences

* TvolneConfgrauition

INSTRUCTOR

• Access Control

e Student Evaluation

* Radome Defect Editor

C 'STUDENT

* Radome Inspection

u) e Test Equipment Calibration

0 * Defect Mapping and Logging

0.L
U.

Figure 2. Display and Function Hierarchy
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The most important user of the application is the student, and most of the Trainer addresses
student training functions. We assume that a student is probably a field-level NDI inspector
and has previously completed basic NDI training, such as the Air Force NDI Technical School,
and is familiar with ultrasonics. The second type of user is the instructor. We expect that the
instructor is either the individual that runs the NDI shop at a field-level site or is a senior
inspector. The last type of user is a designer. This individual probably resides at an Air
Logistics Center (ALC) and is a senior NDI scientist or technician. For this application, the
inspectors at SM-ALC are considered designers. Designers must be intimately familiar with
the Kevlar/polyester composite and the associated ultrasonic signals so they can decide when
new signals should be added to update the Trainer. Figure 2 shows the functional areas for
each of the three types of users.

3.2 USER THREADS

The capabilities of the Trainer can best be illustrated by examining representative threads that
pertain to student, instructor, and designer use. For the student, we will describe the displays
and functions used in a typical training session. This includes calibration, on-line help, and
radome inspection. For the instructor, the radome editing capabilities will be described. These
functions allow instructors to create custom radomes with flaws that reference the ultrasonic
database. An instructor can create a radome as easy or difficult as is appropriate. The Trainer
software will automatically assign the skill level (novice, intermediate, expert) required for a
new radome. The third type of user is the designer. A designer can perform functions that
tailor the operation of the Trainer, such as loading new ultrasonic signal data. The three types
of user, student, instructor, and designer, also represent levels of access into the Trainer. A
designer can access all functions, an instructor can access any function except designer
functions, and students can only access student functions.

3.2.1 Inspection Training

The majority of the capabilities in the Trainer are for student users. The first step a student will
take in operating the Trainer is to log in to his account. Creating user accounts is a function
that can only be performed by instructors and designers and will be described later. The login
procedure is straightforward: the student simply enters name and password. The system will
inform the student of the last date and time of connection. As we will see later, student
accounts are important because they contain any inspection results that the student has recorded
while training. This allows an instructor to evaluate a student's inspection results and permits
the student to perform an inspection over several runs by saving and recalling his work. As
mentioned earlier, actual inspections take 20 to 40 hours. We anticipate an inspection of a
simulated radome (only one side) will require at least a couple of hours.

Once the student has logged in, the main menu bar is displayed (figure 3). At this point, the
student can request help (e.g., view a video tutorial, perform calibration, inspect a radome,
change his password, or quit the Trainer (logout)). Typically, a student will perform
calibration. It is important to note that the student should not begin an inspection at this point,
since the Trainer assumes the ultrasonic equipment is not calibrated at the start of each run. If
the student does decide to inspect the radome, the results will most likely be incorrect
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Innsl ct Radome
quit

Figure 3. Login Completed and Main Menu Presented

Once the calibration function is selected, the display appears (figure 4). The student interacts
with several areas of the calibration display. The menu bar at the top of the display allows
other functions to be performed and the student to navigate to other areas of the Trainer. The
I1W Type 2, aluminum ultrasonic reference block is shown as a graphic image in the display.
Also, a simulated ultrasonic meter is shown and provides the controls found on most ultrasonic
test equipment. On the left side of the display, a small palette contains calibration tools that the
student will work with. The top, rectangular tool is the ultrasonic transducer. The second tool
is a couplant brush. The third tool, an arrow, is the selection tool, which works with the
menus and the ultrasonic meter. Each of these tools and areas of the display will be described
in further detail in the paragraphs below. Finally, a window in the upper-right comer of the
display shows a video tutorial on calibration. The student selects this tutorial from the help
menu. The video tutorial can be activated or closed at any time as the student learns the
calibration process.

9



Editor Help Calibration

MMMm

0~: -, -IK

@0~ 0o@ o

Figure 4. Calibration Display with Video Tutorial

The use of digitized video tutorials is an important example of how multimedia computer
technology can enhance NDI training. Calibration of the ultrasonic meter is absolutely critical
to the integrity of the inspection. In particular, calibration requires careful setting of several
controls, such as frequency, gain, range, and delay. If the student performs calibration
incorrectly, the entire inspection results may be fallible. The video tutorial shows how each
control operates and tile relationship between different controls on the meter. The tutorials
(video frames) are s~.ort, ,1 and compressed) digitally on hard disk, so playing the tutorials
requires no external devices and occurs transparently to the user. A separate control panel can
be selected that allows rewind, fast forward, and other typical movie-viewing functions. The
control panel is not shown in figure 4.

To calibrate the simulated ultrasonic test equipment, the student must place the different
controls in the correct positions. Initially, when the student selects the calibration function in
the Trainer, the ultrasonic meter is automatically set to an unknown (and incorrect) setting.
This ensures that the student must work at configuring the meter correctly.

10



In figure 5, the student has turned on the meter, selected the transducer from the tool palette
and placed it on the block, and applied some gain. The meter shows the initial ring and FSE
off the calibration block. Without any couplant, the ultrasound cannot penetrate the block for
the BSE. In order for the student to complete calibration, couplant must first be applied to the
calibration block.

- DEAT ME6 - FR) t&b-
F3o ep&"igure 5. A t i

ofte iplysinl.Smlal, h AT cnrl adjusts the11 symeticallllI•ll al gnmentI• oflil~ll the1 II
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Figure 5. Adjusting the Simulated Ultrasonic Meter

It is instructive at this point to briefly describe the various controls on the simulated ultrasonic
meter. The left side of the meter contains a bank of five controls and the power switch (labeled
PWR). INTN adjusts the intensity of the ultrasonic signal; the FOCS control adjusts the focus
of the display signal. Similarly, the ASTI control adjusts the symmetrical alignment of the
image; the HORZ and VERTcontrols adjust the signal's horizontal and vertical position.
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Beneath the display area of the ultrasonic meter are delay and range controls, which are
particularly important for the student. The COARSE-DELA Y and FINE-DELA Y switches
provide a sweep delay from the initial ring off the interface between the block and transducer
(either a ring off the couplant or ring off air when there is no couplant). When the student
calibrates the equipment, he will adjust the delay controls so that the leading edge of the FSE is
located at the extreme left side of the display in the ultrasonic meter. COARSE-RANGE and
FINE-RANGE provide control of the signal's horizontal sweep. Adjusting the range will
increase or decrease the distance between the FSE, BSE, and any other echoes that are being
displayed.

Directly to the right of the meter display are controls for gate and repetition rate. REP-RATE
simply controls the refresh rate of the signal; GATE-LEN and GATE-POS adjust the length
and starting point of the gate, respectively. The controls allow triggering of amplitude readings
beyond a certain tolerance within a preselected interval after the initial pulse (ring). GATE-
LEVEL sets the level which the signal must exceed before it generates an alarm. A visual LED
is provided for gate alarm. In addition, the GATE-ALRM control switches between audible
and visual alarms and only visual alarm. For this composite, the student should set the
threshold so that any BSE that falls below 50 percent FSE is alarmed.

The right side of the meter has four areas of controls. The top three controls pertain to gain. In
particular, the REJECT knob controls rejection of low-amplitude signals on the display. The
GAIN-COARSE and GAIN-FINE controls adjust the displayed signal's vertical gain. The
START-DEC and SLOPE-DEC controls, not implemented for this application, are not
functional. The VIDEO-RF switch permits the signal to be displayed as it is generated by the
transducer (video) or as amplified RF. The FILTER switch is not implemented for this
application. The last three controls, at the bottom-right comer of the meter, are NORM-
THRU. DAMPING, and FREQ MHz. NORM-THRU simply selects whether the student is
applying a normal or thru transmission ultrasonic inspection. This application is a normal
(single transducer) form of inspection (i.e., pulse-echo). DAMPING controls ringing of the
initial pulse. FREQ MHz controls the transducer frequency increments of 1, 2, 5, and 10
MHz, and broadband. Since the ultrasonic signals in the Trainer have been recorded at 5-MHz
and the procedure calls for 5-MHz pulse-echo, any other frequency selection will have an
adverse impact on the displayed signal.

Students need to know three other important attributes of the meter, all in the display area. In
the upper-left comer of the meter display, a small symbol shows a very small square inside a
slightly larger square. When the student clicks on this symbol, the meter either expands or
contracts. Thus far, the figures have shown the meter in its expanded form, showing all
controls. When the meter is contracted, only the display window is shown. This allows the
student to conserve screen space once the meter has been adjusted, an important consideration
during inspection. The second attribute of the display area is a very small symbol in the
bottom-left comer. When the student clicks on this symbol, another window is displayed that
shows the digital settings for each of the controls. The digital value of the last touched control
is shown at the top of the display area. This is the third attribute of this area that is important to
the student. The student can interrogate any control setting simply by moving his cursor over
the control. It is not necessary to make a change.

12



In figure 6, the student has selected the couplant tool, brushed some couplant on top of the
calibration block, and selected the transducer and placed it on top of the block. Note that the
transducer cursor changes as the orientation is changed from the side to the top of the block.
The student has also performed some adjustments to controls on the ultrasonic meter. The
COARSE-DEL4 Y and FJNE-DEL4 Y settings have been set so the initial ring (off the
couplant) is not displayed. The display is now showing the FSE and the echo off the large
hole in the block. The student has also adjusted the COARSE-RANGE and FINE-RANGE
controls so that the horizontal sweep is increased. This allows the FSE, BSE, and any flaw
echoes between to be closely examined. Notice that the top of the meter display shows the
current range setting. This is triggered whenever a student manipulates a control (the hand
selection cursor can be seen on the FINE-RANGE control).
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Figure 6. Applying Couplant to the Calibration Block
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Figure 7 illustrates the ultrasonic meter after the student has correctly calibrated it. The three
echoes shown in the meter are the FSE from the top of the calibration block, the small hole in
the block, and the large hole in the block. The three echoes indicate correct calibration and
result from the student correctly positioning the transducer, applying couplant, and adjusting
the various controls on the meter. The student may now proceed to inspect a radome.

rEditor Help Calibration
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Figure 7. Ultrasonic Meter Calibrated

To begin inspecting a radome, the student (or instructor) selects a radome from the radome
database that is commensurate with the student's skill level. Figure 8 shows the Milstar
radome, drawn to scale, as a graphic that the student will work with. Actually, this is a radome
from the database and there are flaws hidden in the material. The length of the radome, in
inches, is shown. In addition, the fasteners are shown. Figure 8 also shows a grid that has
been assigned to the radome. The inspection procedures indicate that the radome should be
partitioned into 1-square-foot sections. The student accomplishes this in the Trainer by
choosing a menu option that automatically applies the grid. The student will use this grid to
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perform the inspection one section at a time. Note that only one side of the radome is shown.
Since the primary objective of the Trainer is practice with the various ultrasonic signals, the
decision was made that having the student scan one side of the radome in the Trainer would be
sufficient. To inspect a particular section of the radome, the student simply clicks on any one
of the squares in the grid. (Note: The procedure recommends that the student begin at the front
of the radome and work back.)

Help Inspection

Figure 8. Grid Lines Applied to Radome Prior to Inspection

Figure 9 shows the inspection display, where a student will spend most of his time in the
Trainer. This display is activated once the student has selected (clicked on and zoomed in) the
section of the radome to inspect. After the student has zoomed in initially, other means for
moving around the radome become available and are explained below.
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A student works with several areas of the inspection display. The student may have any
number of areas open at once, each of wh*ch will be briefly described. The menu bar at the top
of the display allows the student to call on tutorials and on-line help, and to navigate to other
areas of the Trainer. The inspection tool palette is shown on the left side of the display. The
tools that are available from this palette are the ultrasonic transducer, a set of rulers, an
inspection notebook, a flaw marking tool (grease pencil), a couplant paint brush or spray can, a
check-mark tool (grease pencil) for indicating what areas of the radome have been inspected,
and the selection (arrow) tool for manipulating the ultrasonic meter and making menu
selections. The simulated ultrasonic meter shown in the bottom-right comer of this display is
selected to show only the ultrasonic signal. The user can enlarge the meter view to access the
various controls on the front panel (using the small square symbol in the top-left comer as
described earlier). Hiding the controls permits more of the radome surface to be viewed on the
display, and besides, the controls will typically not be changed after calibration (with exception
of the edgeband). Horizontal and vertical scroll bars along the boundary of the display allow
the user to scroll to other areas of the radome. Other functions are available on this display;
however, the student will start with the meter and tool palette.

_-Mr

Figure 9. Inspection Display with Couplant Being Applied
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Figure 9 shows the student applying couplant to the section of the radome that will be scanned
by selecting the couplant tool from the tool palette, aiming the spray can, and holding down the
mouse button to spray on the couplant. If couplant is not applied, the student will not get the
proper BSE reading, and the simulated transduce: (the cursor) will jitter to indicate the rough
interface between the composite and the transducer. In this case, the couplant is water, as
indicated by the srray can (as opposed to a brush). The couplant selection (water or gel) and
couplant parameters, such as evaporation rate, are all parameters that can be configured by a
designer and instructors. The student will typically fill in the radome section he is scanning
with couplant. When this is completed, the student can select the ultrasonic transducer from
the tool palette and begin scanning. As the student scans, the couplant will evaporate at a rate
set by the instructor.

Several help features have been built into the Trainer to assist students that are just starting to
learn this application. Figure 10 shows an on-line help agent, named Alfred, that is available to
describe any of the calibration and inspection tools.
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Figure 10. On-Line Help Agent Assists Student
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The student uses the Help key to call up Alfred. To receive a description of any of the tools,
the student simply selects the tool of interest and clicks on the Help key. Alfred will then
provide a brief description of the operation of the highlighted tool. To hide Alfred, the student
just clicks anywhere in Alfred's text bubble. This experimental method of providing help has
been well received by students. It combines text, voice, and a visual communication agent, as
opposed to a text-only presentation that is often used in on-line help systems. We expect to see
this mechanism used by other programs in the future. A commercial tool has been used to
develop this help function (see paragraph 4.3).

Figure 11 shows how a digitized video tutorial illustrates proper scanning procedures. As
described earlier, digitized video has also been used in the calibration display. In this case, a
short video segment illustrates how to scan the radome using the ultrasonic transducer.
Because the tutorial is represented as real-time, digitized video frames, there is no need for a
VCR. This allows the Trainer to run on any Macintosh that meets the minimum memory
requirements. System operation and installation requirements are outlined in paragraph 3.3.
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Figure 11. Digitized Video Tutorial Illustrates Proper Scanning Techniques
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Returning to the inspection, figure 12 shows that couplant has been completely applied to the
section being scanned. In addition, the student has selected the ultrasonic transducer from the
tool palette and is scanning the selected section.

Help ScanTools Log
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Figure 12. Student Inspects Section of Radome

As with the actual inspections, scanning in the Trainer takes time. The student must scan
precisely so that no surface area is missed. As we will see later, an instructor can create flaws
of any size. If the student scans too quickly, a very small flaw that only covers a few pixels
could be missed. In figure 12, the signal in the ultrasonic meter is a good signal, indicating
that the material has no flaws where the transducer is located. The student will scan this
section, top-down and left-to-right, until he has covered it completely. While scanning, he
studies the simulated meter for BSE loss and any signal changes that are indicative of a flaw.
The Trainer is also equipped with a pen-mouse. The student can use the pen-mouse during
scanning; it matches the look-and-feel of an ultrasonic probe more closely than the standard
system mouse.
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Figure 12 also shows that the student has requested a new window that provides a map of the
radome (lower-left comer of display). This window serves a couple of different purposes.
First, the white square area shows where the student is currently located on the radome. When
zoomed in on the radome it is easy to lose perspective of where one is scanning; this window
provides the perspective. The second purpose of this window is to have a way to show
sections that have been inspected. When the student has completed scanning a section of the
radome, he simply clicks on the section and a check mark will be recorded on the radome map.

In Figure 13, the student has located a flaw area and is in the process of specifying the
boundary with the marking tool. Notice that the signal in the ultrasonic meter is different than
the normal signal, as shown in figure 12. The entire radome and any flawed areas are coupled
into a database of real ultrasonic signals. This is important because it allows the student to
practice on real data. In terms of the Trainer implementation, flaws on the radome are objects
in an object-oriented environment. When the student's simulated transducer enters the
boundary of a flawed object, this generates a message that is trapped by the software so that a
new signal can be generated. As in real inspections, flaws may be relatively large and easy to
find, or flaws may only be a few pixels large and easily missed. The student uses the marking
tool by selecting it from the palette and clicking on points where there is a transition from the
normal signal to the flaw signal. The student may remove any existing mark by clicking on it.
He can also use the Delete key to remove all the marks associated with a flaw.
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Figure 13. Grease Pencil Selected after Flaw Has Been Located

Once the student has dropped a sufficient number of marks to specify the boundary of the flaw,
he fills in the flaw area. This is shown in figure 14 as the yellow area on the radome. The
flaw is filled by selecting the marking tool and then manually connecting the marks or having a
software algorithm draw a polygon from the marks. Typically, the automatic algorithm is
sufficient. However, in some cases where the flawed shape is highly unusual, such as a figure
eight, the flaw must be manually drawn.

Figure 14 also shows that the student has selected a set of rulers so that the flaw position and
size can be determined and logged. The rulers are selected from the tool palette and are moved
by clicking on the area of the radome where the rulers should be located.

When a flaw has been complctely marked, the area is filled in and the student must log in
information associated with the flaw into an inspection notebook. The student first identifies
the flaw type (based on the signal) from a list of possible flaws. The list of flaws in figure 14
is not the final list and simply represents the type of flaws that a student will need to learn.
(Note: A designer utility will allow the final list of flaws to be created based on actual
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inspection and analysis data. The utility allows this list to be generated without any software
changes. Inspectors from SM-ALC will create this list.) The student also enters flaw size and
location information and any applicable comments. Flaw size and location are very important,
because some flaws may be small and not warrant repair. In these cases, the flaws must be
tracked carefully for any gradual changes from inspection to inspection.
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Figure 14. Flaw Outlined and Result Entered in Inspection Notebook

For students that are just beginning to learn the Milstar radome inspection, a tutorial illustrates
the various types of ultras•onic signals a student must learn to recognize. A sample SEM image
tutorial is presenting information on specific flaw types (in this case a porosity) to the student
(figure 15). In this display, an interactive SEM image, graphic of the signal and text allow the
student to visually explore the various types of flaws that may be encountered in pulse-echo
ultrasonic inspection. In particular, the model signal has several 'hot-spots.' As the cursor
passes over the signal, the corresponding area in the material is highlighted and a brief text
description is presented. This tutorial helps solidify the student's understanding of how
signals are generated from the Kevlar/polyester composite. The student can zoom in on the
SEM image (figure 16).
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Figure 16. Microscope Image Magnified in Tutorial

3.2.2 Radome Editing

Instructors log in to the Trainer in the same way as the students, by entering an account name
and providing a password. After the login sequence has been completed, the instructor is
greeted with the main menu bar, as shown in figure 4. Since the account is an instructor
account, the Instructor menu is enabled. One option instructors have is the ability to call for a
list of radomes in the system. An instructor may then select a specific radome and examine the
flaw areas that are associated with that radome. For example, figure 16 shows that the
instructor has selected a radome and has clicked on a small flaw at the front of the radome for
more information. The instructor can recall either the flaw name or a window that provides all
the information about that flaw, including the ultrasonic signal. Flaws are selected by clicking
on the area of interest. The flaw window is shown in figure 17. This function provides a
convenient way for an instructor to browse through radomes in the database.
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Figure 17. Instructor Examines Flaw Areas in Radome

Instructors also have the capability to examine student results, either during or after an
inspection. Figure 18 shows that an instructor is comparing the inspection results entered by a
student to the flaw information that is actually associated with the radome. In particular, the

instructor is interested in how well the student evaluated the signal type, recorded the location
and size of the flaw, and outlined the boundary of the flaw. In this case, the student completed
only one section of the radome, as shown by the single check mark in the radome map. If the
student had finished the inspection, the radome map would show check marks in all squares.
For a student that is just starting to learn the inspection, we anticipate that the instructor will
monitor his progress closely. Notice that the map does not show the flawed areas, so the
student can see only the area of the radome that has been zoomed-in.

Note the similarity between figures 18 and 14. These displays are identical except for the
instructor's capability to show the real flaws. Consequently, an instructor can log in and use
all the tools in the palette to work with a student. In fact, there are many ways that this display
could be used, depending on the training procedures that are defined for this inspection. For
example, new students could be given a radome to inspect with the flaws shown. This would
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provide practice using the tools and getting familiar with the signals. Alternatively, an
instructor could show a student the real flaw to indicate where to look and then hide the flaw to
make the student work at marking the flaw area. Note that student-entered and database flaws
can be toggled for ease of viewing. This function can also be run by the instructor when a
student is logged into the Trainer. In that case, an instructor password is required whenever
the function to view flaws is desired. The function is disabled automatically when the flaw
areas are hidden (no instructor logout is required).

Help Instructor ScanTools Log
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Figure 18. Instructor Reviews Student Inspection Results

One of the Trainer's most powerful features is the capability for instructors (and designers) to
create radomes with arbitrary combinations of flaws. In particular, a radome can include any
number of flaws of any type in the signal database, and flaws can be given any shape, size,
and location that the instructor requires. The Trainer also error-checks as an instructor creates a
radome to ensure that flaws are not incorrectly placed, such as on a fastener or off the radome.
All the flaw and radome information is stored in a database that exists as part of the Trainer
application. This allows the database to exist completely transparent to students and
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instructors. Figure 19 shows the radome that was used earlier in the student user thread
(paragraph 3.2.1). The background of this display (the radome graphic) is identical to the
inspection display. However, the tool palette (left side of display) contains radome-editing
tools for the instructor. The top tool is the pointer (or selection) tool, which is used to click on
a flaw for the attribute list. The next five tools are drawing tools that allow the instructor to
create flaws of different shapes. The five drawing tools are square, rounded rectangle, ellipse,
polygon, and free-form. The free-form drawing tool is being used in figure 19 to draw a
complex flaw shape. The last two tools in the radome-editing tool palette represent delete and
drag functions. The delete function allows flaws on the radome to be removed; the drag
function changes the location of a flaw. We expect that designers and users will use the
radome editor to create a library of radomes that will be used for training.
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Figure 19. Instructor Edits Radome in Database

In figure 20, the instructor has completed drawing the shape for a new flaw. This causes a
dialog to be activated that prompts for the flaw (signal) type. Flaw name, skill level, height,
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width, and location (inches from front and bottom) are automatically derived from the flaw
graphic. The Cancel key will cause the Trainer to close the window and undo the new flaw
drawing. If the flaw had previously existed, Cancel simply would close the attributes window
and would not save any changes. Only flaw types can be changed in the window. Location is
changed using the drag function.
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level, and last date and time of login are listed. Passwords are shown for accounts that are at a

lower level. That is, instructors can view the passwords of student accounts but not instructor
or designer accounts. Similarly, designers can view the passwords of student and instructor
accounts but not other designers. Menu functions allow user accounts to be added, removed,
and modified. In addition, sort functions permit sorting by name and access level. The
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training results of each student are associated with their account and can be accessed by
instructors as well as designers. A print function allows the list of student accounts and
associated passwords to be provided in hard-copy form.

User Sort

Don Bailey 'I'' Designer 5 03:51 P11 11/11/91
Donna Ballard ! Designer 5:08:30 P11 3/3/92
Dona DeRose pss Student 9.29:51 P11 3/22/92

Ike Spencer pass Student 7:17: 01 P11 4/11/92
John IlcNazara John Student 8:56:40 Al 12/26/91
John Wilson ! Designer 8:55:42 All 3/22/92
Peter Nesky pass Instructor 9:37 Al 5/14/92
Scott Blodget pass Student 11:07:21 An 4/11/92
Steve Fortuna Steve Student 9:49:17 P11 4/11/92
Steve Harris pass Student 9:32 Al 5/14/92
Stu Jolly pass Instructor 11:08:25 AN 4/29/92

Figure 21. Instructor Lists User Accounts

Figure 22 shows the couplant control window that allows instructors and designers to tailor the
couplant parameters from site to site. In particular, the couplant control window allows for
selection of couplant type (water or gel), dissipation time, couplant shrink rate, couplant color,
and simulated transducer jitter delay. The transducer jitter is the amount the cursor jitters when
the student is positioned outside the couplant. When the student moves the transducer inside
the couplant, the cursor moves smoothly, simulating the transducer actually gliding over the
couplant. The instructor can change any of these parameters and accept or cancel the changes.
An Accept means that the changes are permanently recorded and the Trainer now operates in
accordance with the new parameters. A Cancel restores the couplant parameters to the values
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they had prior to calling up this window. A Cycle function allows the instructor (or designer)
the chance to see the couplant cycle from fully applied to fully dissipated. We expect that
designers will provide a default set of couplant parameters. Each site will tailor the set
depending on the operating conditions at the site.

Help Instructor Inspection
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Figure 22. Instructor Reviews Couplant Parameter Settings

3.2.3 Trainer Configuration

One function is available only to designer users. Designers have the capability to import new
ultrasonic signals and specify associated flaw attributes. Figure 23 shows the designer utility
that accomplishes this function.
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Figure 23. Designer Activates A-Scan Database Utility

The designer enters the flaw name and skill level into the Information Block. Then, the
designer specifies the directory and file where the A-scan (amplitude over time) is located. The
utility reads the digital waveform from the specified file, and the signal (data points), flaw type,
and skill level are permanently recorded in the signal database. The new signal is now part of
the Trainer, and instructors can create radomes for students that contain the new flaw type.
Figure 24 illustrates the display after the designer has specified and read the data for a new flaw
type, an inclusion.

The capability to import new ultrasonic signals is one of the most important functions of the
Trainer; a considerable design effort was required to provide this capability. Because this
inspection is using a new advanced composite, new signal types have been acquired as the
Trainer was being prototyped. We anticipated that new signal data would become available
after the Trainer prototyping was completed. Designer users, such as SM-ALC, required an
easy way to change the signal and flaw database in the Trainer. This utility provides the
capability and does it without requiring software changes. Designers must only provide the
A-scan data file (the signal data). All associated student and instructor menus and functions are
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Figure 24. Designer Adds New A-Scan to Database

driven off the flaw and signal database. When the designer adds a new flaw, the Trainer is
updated accordingly. Similarly, if the designer removes a specific flaw, dte menus and
functions are updated accordingly. Radomes with flaws that are no longer valid are flagged
appropriately.

3.3 SYSTEM REQUIREMENTS AND INSTALLATION

We are developing the Trainer prototype to run on an Apple Macintosh Computer. The
software uses colors to accurately simulate the real-world test equipment; therefore, a
Macintosh H family of CPUs must be used. The system requires a minimum of 8 megabytes
of memory, an 80-megabyte hard disk drive, and a i3-inch color monitor. The configuration
is considered to be a baseline system in the Macintosh II line of computers. Although we could
have used a low-end Macintosh (such as a cx or si), we strongly recommend a Macintosh fx or
Quadra series computer. The Trainer uses advanced multimedia techniques and real-time signal
processing, so faster CPU performance is highly desirable. The Trainer had originally been
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developed and tested under Apple's 6.07 operating system; we are currently testing under
System 7. Our testing should be completed shortly after this document has been published.

The Trainer prototype software will be supplied on three 1.2-megabyte floppy diskettes. Disk
one will contain the Trainer program, disks 2 and 3 will contain digitized tutorial movies. To
install the Trainer on the Macintosh, the user will create a new folder named "Radome Trainer"
and copy all diskettes to the new folder. After all the files have been installed, the user should
store the original disks in a safe area. Upon completing the installation process, the user can
begin a new training session by clicking on the "Trainer Program" application. A forthcoming
user's manual will detail installation steps.
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SECTION 4

DEVELOPMENT APPROACH

4.1 EVOLUTIONARY DEVELOPMENT PLAN

The Trainer is an experimental application that has been prototyped for the Milstar Program.
The result of this work will be a training system that can be used by SAC field inspectors to
tain for the Milstar radome inspection. It is instructive to compare the initial objectives of this
effort and the resulting prototype system. Initially, this work was started because of the lack of
a training reference for the ultrasonic signals in this application. We wanted to develop a
library of ultrasonic signals and a visual, graphic presentation for presenting this information to
student inspectors. Other possible uses for a Trainer were sketchy at best, and could only be
refined after meeting with inspectors from SM-ALC.

The Trainer has been developed (prototyped) using a technique called evolutionary rapid
prototyping (described below). This technique has allowed MITRE and SM-ALC to prototype
and evaluate key functions early (ultrasonic signal library) and then refine other requirements
and evolve a design that capitalizes on existing multimedia technology. Functions, such as
digitized video tutorials, scanning and calibration process simulation, and the radome editor
were not identified at first. Rather, they were defined and evaluated incrementally during the
prototyping.

The Trainer has been an ideal application for rapid prototyping. First, the multimedia
technology that has been applied is relatively new; most products have been introduced during
the development or have been on the market for only a short time. Second, the Trainer is
taking a different approach to NDI training by providing hands-on practice using simulated test
parts and test equipment. Most training organizations use real parts and real equipment, and
there are limitations in that approach (as described in sections 2 and 5). Third, the Milstar
inspection application is very new. Inspection data is limited and procedures are evolving as
more and more inspections are performed. As SM-ALC inspectors discover attributes about
the radome, the Trainer has been adapted as required.

Traditionally, in systems development, requirements are derived through various fact-finding
methods. A systems analyst attempts to learn exactly what takes place in the current system,
determines and fully documents what should take place, and then provides recommendations to
the customer, users, and management. Conventional fact-finding techniques include
interviews, observation, data collection, questionnaires, timing studies, and research, to name
a few. Unfortunately, conventional fact-finding techniques do not adequately emphasize
existing and emerging technology that, if applied, may solve a user's problem in a completely
novel and unexpected way.

Recent advances in commercial hardware and software technology provide affordable
capabilities that only a few years ago were not available to most users. Today's high-
performance microcomputer technology can integrate images, voice, video, and text within
graphical displays. Because growth in computer technology occurs so quickly, users are often
unable to stay current and may not know what is available. Vendors are highly motivated to
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advance their products as quickly as possible to gain technical and marketing advantages over
competitors. Product life cycles are very short, so in order to remain competitive, vendors
must typically produce major upgrades every 6 to 9 months and introduce new products every
12 to 18 months. The multimedia market is particularly competitive. If exploited properly, this
creates fantastic opportunities for prototyping new applications.

Users and developers can refine requirements together, based upon products that are
commercially available. Typically, users and developers must iteratively explore the problem
domain to gain a sufficient understanding of the requirements, a situation which almost never
exists at the beginning. As mentioned earlier, a number of fact-finding methods can be
applied. The user must be introduced to applicable commercial products that will demonstrate
the capabilities that address the user's key operational requirements. When a commercial
product meets all or part of the requirements, development effort, risk, and costs (since the
product already exists) can be sa" ed. Commercial software products will also typically drive
out design solutions and will have particular user interfaces and functional capabilities. The
developer must carefully evaluate each product to assure that it properly addresses some subset
of the user's requirements, provides an acceptable design solution, integrates well with other
products, and is sufficiently flexible for future system growth. In this light, the developer's
job is to select commercial products that best address the user's needs and integrate the
products to provide a system solution for the user. This is in contrast to the developer writing
a lot of custom software, an activity that is associated with conventional development, and is
time-consuming and risky.

There is an important message here. In developing new systems, requirements and design
uncertainty always exist. The user often understands key operational requirements but cannot
articulate the detailed technical requirements needed to build a system. Developers and users
should see what currently exists, commercially, that can be leveraged against the problem. The
fit may not be perfect, but if a mix of commercial products can be successfully integrated to
provide a 90-percent solution, the user can realize enormous savings in development costs,
risk, and schedule. Conventional fact-finding methods are still necessary; however, the focus
is different. A technology-oriented approach to fact-finding will drive detailed requirements in
a direction that existing products can best satisfy.

Figure 25 illustrates the process of accelerated systems development through rapid prototyping.
The diagram and process model are based on the spiral model for software development created
by Barry Boehm in the early 1980s [2]. The diagram should be read from the center, spiraling
out, potentially leading to an operational system. There are a few general points we can begin
with in discussing this model. First, note that the iteration is carried through the spiral and that
development process structure is introduced as a project works its way along. Early on, the
goal of the prototyping should be to establish the key requirements and technical feasibility.
The purpose, scope, and high-risk areas of the development need to be defined and clearly
articulated to the user as quickly as possible. Inherent in the process is communication that
revolves around the prototyping and encourages the user, customer, and developers to work
closely together. This is useful in managing user's expectations, since they become educated
in the process. Another important point about the model is that by building incrementally,
multiple points exist in the process where technology can be injected. Also, multiple prototype
versions allow for spin-off of quick display prototypes or design prototypes that focus on
particular risk areas. For example, if a display prototype is the scope of the effort, only the
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inner part of the life cycle is applied. Incremental delivery of capability to users is desirable
because it may satisfy immediate needs, and it also lets the user refine requirements based on
hands-on experience.
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Figure 25. Evolutionary Rapid Prototyping

As the prototyping progresses and the requirements begin to stabilize, developers must create
an architectural design that will allow for future growth and change. Prototype architecture isparticularly important in rapid prototyping efforts that capitalize on commercial products. T'he
reason, quite simply, is that most commercial products cannot (and should not) be changed by
system developers. Ideally, a prototype architecture should be based on readily separablecomponents. Interfaces between components must make little or no assumptions about
individual packages. That is, a detailed understanding of a package should not be required by
other areas of the system. Additions and enhancements to the system should be more
commercial products, and again, some modicum of custom software. While these general,
object-oriented guidelines are noble, deriving a versatile architecture can be a challenging task.
Planning must acknowledge that prototype architecture is critical and make sufficient
allowances in the schedule so it can be worked carefully.
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The prototype Trainer will be used to help train field inspectors on the Milstar radome
inspection. However, the Trainer is only part of a formal training program that is being
planned. SM-ALC will provide a review of pulse-echo ultrasonics, explain the attributes of the
Kevlar/polyester composite, and help the student acquire enough knowledge to start using the
Trainer. Transition of the Trainer will likely be carried out with SM-ALC providing support
for the prototype once MHTRE is finished. SM-ALC already has a development system with
the software installed. We anticipate that most, perhaps all, changes to the Trainer can be
accomplished by manipulating the database. For example, new ultrasonic signals can be added
with changing software. Nevertheless, SM-ALC will be trained to make small changes to the
software, if needed.

4.2 ARCHITECTURAL DESIGN

In this section, we present a high-level description of the architecture design and focus on three
specific areas of the design: function/data interaction, commercial off-the-shelf (COTS) tool
interfaces, and database structures. Figure 26 shows a high-level architecture developed in the
early stages of the prototype. The shaded cloud-like graphics represent the functional four
main areas; the oval graphics represent specific functions within each main area. The
rectangular objects in the center of the figure represent data stores for the system, and the
arrows represent the paths in which data flows between the functions and data stores.

During the design of the system, we placed much attention on isolating the data from the
runtime code, because NDI scientists were collecting and analyzing the data in parallel to our
efforts. By creating a flexible architecture that could foresee major changes in data, the Trainer
can easily adapt to new discoveries made in the laboratory. An example of the data isolation
can be found in the "DESIGNER UTILITIES" area of figure 26. The function is provided to
import A-scan data that had been collected in the field. Functions were developed to read
ASCII files from a disk that contained digitized A-scan amplitude waveforms. A conversion
function converts the amplitude points into the Trainer's internal format and stores them in the
"Ultrasonic Signals" data store. The data is then used by other areas of the software for
simulation and analysis purposes. Because functions make no assumptions on characteristics
of the data, adding and modifying "Ultrasonic Signals" has been simplified.
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Figure 26. System Architecture

The Trainer prototype makes extensive use of COTS tools and compiled code routines in its
implementation. SuperCard was designed with an open architecture and provides a gateway
for invoking add-in applications. This is accomplished by using interfaces called Xcmds

(eXternal CoMmanDS) which are typically provided with the COTS products. The Xcmds are
imported into SuperCard as resources and can be invoked as if they were internal SuperCard
commands. Once invoked, Xcmds supply the glue between SuperCard and the COTS
applications and are also used to create time-critical code. Xcnds can be developed in 'C' or

with custom Xcmd development tools to produce fast compiled machine code. The Xcmds can
then be called from SuperCard to perform speedy processing.

Xcmds is the standard mechanism used to interface COTS packages. Figure 27 shows the
interfaces between SuperCard and various COTS tools used to develop the Trainer. The Xcmd
COTS interfaces are called from SuperCard with the appropriate parameters. Once invoked,
the Xcmd interface takes over and activates any system drivers and opens program resources.
In figure 27, SuperCard is linked to the InterFACE (Inter Facial Animation Construction
Environment) Xcmd. InterFACE is used in the Trainer prototype to provide talking on-line
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help agents. SuperCard calls the InterFACE Xcmd by passing agent information and speech
phrases as parameters. The InterFACE Xcmd now has control of the system and handles the
processing needed to animate facial expressions which produce synthesized voice. To
accomplish this, the InterFACE Xcmd makes calls to the RAVE (Bright Star Technology) and
MacInTalk system drivers, which gather agent resources and initiate agent communication
through a SuperCard window.

Supertard

COTS Interfaces Xcmd Functions

Macroinind InterFACE Digitized Memory File
Player Audo Management V/O

System Drivers .slCk Signial

T o" tzSorts 
Processing•~~~ ....... .......... '

• iii]• ........ .......................... .................... .....i::s!•i

Resources:::::•:::•:••:':

Figure 27. COTS Interfaces

Xcmds are also used to create compiled code for time-critical computing. In figure :27,
Superad has the capability of calling developer-defined Xcmd functions. SulerKard can
pass up to 16 parameters to the Xcmd code resource, and the Xcmd has the ability to access
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SuperCard structures such as cards and fields. This is accomplished with mechanisms called
binary and text callbacks. When the Xcmd needs the service of a SuperCard, a callback is
initiated by the Xcmd asking SuperCard to perform a function. For example, if the Xcmd
wanted to change the position of a button in a SuperCard window, the Xcmd would simply
instruct SuperCard to perform the task rather than perform the cumbersome task itself. Unlike
SuperCard, the Xcmd has direct access to the Macintosh ROM Toolbox. This is useful for
performing sophisticated file I/O and memory management that is not inherent in SuperCard.

Figure 28 shows the structure of the three main databases for storing simulated radomes,
defects, and ultrasonic signals. The Radome Database contains information specific to
simulated radomes. When the instructor creates a new simulated radome, a new radome record
is also created and initialized with its creation time and date. When a defect is drawn, a new
defect record is created and stored in the defect database establishing a relation between the
radome record and each new defect. The software also determines the skill level of the defect
and places it in the appropriate field in the Defect Database. The skill level field values are then
used to assign a skill level to the radome.

Radome

Radome Name
Date Created
Time Created
Number of Defects
Skill Level Defect
Defect Pointer Defect _Name

Defect Name

A Signal Type
0_ Large Loc

Ultrasonic Small Loc

Signals Height
Width

Signal Name Inches from Bot
Inches from FrontScan Gate Skill Level

Points
Signal p(1)
of

Signal p(n)

Figure 28. Database Structure
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Each defect record in the database relates to an ultrasonic signal record in the Ultrasonic Signals
Database, where information is used to recreate the ultrasonic waveform in the simulated
meter. When new data is collected in the field, it is converted and added to the database. In a
database-driven design for radome and defect information, simulated radomes can be
transported via diskette to numerous NDI shops.

4.3 DEVELOPMENT TOOLS AND UTILITIES

In this section, we present a small subset of tools used to create the Trainer prototype. In
prototyping the Trainer, we used COTS software development tools extensively. The selected
COTS tools, representing the latest technology in multimedia and hypertext environments,
were used in different ways, but they all interfaced to SuperCard. Because we used so many
tools in this project, we will only discuss some of them. Figure 29 graphically depicts the
tools we used to develop the Trainer.

tSulprCard

Figure 29. COTS-Based Architecture
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By making extensive use of the COTS development tools, we were able to expedite the
development phase of the Trainer and produce a complete prototype in a fraction of the time it
would take using conventional development techniques. 'The COTS tools we used can be
divided into three areas: Xcmd compilers, multimedia authoring environments, and data
analysis tools. The 4th generation language (4GL) SuperCard and code links supplied by the
COTS packages glued the tools together.

4.3.1 Hypermedia Authoring Environment

We used SuperCard, a hypertext-based, object-oriented prototyping and development
language, as the main tool to develop this software. SuperCard, a 4GL similar to
HyperCard, has expanded features such as sophisticated color objects, a powerful script
editing environment, a symbolic debugger, and the ability to generate stand-alone applications.
Figure 30 shows a sample SuperCard screen in the editor environment.

SFile Edit Windows Script Mon 8:42:46 PM (OD2J
i Cardl ýIest' 10 = 10 1

N .n. on ..

Fiue... 30.. Sam S r d s
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Figure 30. Sample SuperCard Display
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SuperCard provides a complete development environment in which the designer creates objects
that are operated on and linked by what is referred to as scripts. Scripts are written in an
English-like proprietary language called SuperTalk.

Pull-down menus, at the top of the screen, provide access to SuperCard's main functions. At
the left of the screen is a tool palette that is used to create and modify objects such as buttons,
graphics, text fields, and bitmaps. The true power of SuperCard is its ability to create invisible
objects and embed scripts within the objects to perform specific functions. The object scripts
are invoked by system- or user-defined messages which are initiated by SuperCard.

Figure 30 displays a window that contains a script for a hidden object, which is located on the
simulated "ALUMINUM" calibration block and is used to invoke a signal plotting routine for a
standard calibration point. The script is executed when the mouse enters the object, thus
changing the A-scan plot on the simulated ultrasonic meter. This technique of changing signals
is extremely . :icient because processing only takes place when the mouse enters an object. In
a non-object-based system, the cursor position would have to be continually monitored and
compared to the coordinated areas of signal change, wasting CPU cycles.

4.3.2 External Command Compilers

On the Macintosh, the concept of Xcmds addresses the issue of linking various COTS
packages together. The Xcmds are external code resources which adhere to a standard calling
convention and can be invoked from many 4GLs such as SuperCard. Although originally
developed to provide a link to compiled functions, Xcmds are now used as gateways into third-
party software. Many Xcmds are now available for integrating packages and providing
expanded "add-in" functions. Furthermore, Xcmds can give software the ability to control
hardware devices, perform complex animation sequences, and play computer-generated music.
In the past, sample C or Assembler code would have been included in the manual, and the
programmer would have had the cumbersome task of making it work. With the advent of
Xcmds, programmers simply move the Xcmd resource to the application's resource fork and
call it from the application.

Besides bridging the gap between various third-party software, Xcmds provide a method for
developing time-critical code which can be called from a 4GL script. Typically, 4GLs are
interpreted and have poor performance when compared to compiled code. The Xcmds allow
the programmer to develop compiled functions that can be called from a script, thus increasing
the execution speed of the software. The Trainer uses this method to develop time-critical,
signal-generation routines.

The Trainer application incorporates data collected from field inspections into the Trainer
software. By doing so, the student can evaluate "real" signals prior to performing an actual
inspection. Because actual data is used, the signal-generation software has to be plotted in real
time. This requires developing Xcmds that would apply filters to the signal. The main tool
used for Xcmd development is Heizer Software's Compilelt!. Developing Xcmds using 3GLs
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is a nontrivial task requiring a deep understanding of the Xcmd's calling conventions and
parameter block. Compilelt! takes a novel approach to Xcmd programming by allowing
Xcmds to be written in HyperScript, a language similar to a 4GL script. With this approach,
Compilelt! takes advantage of the programmer's knowledge base and prevents learning a new
language to develop Xcmds. Figure 31 is an example of a Compielt! script.

Complleltl HC 2.06

Byte (faster compile) ' S1b1

global arect :Rect[C] -- allocate a shared rectangle

- this function will plot a model Ascan signal
function PlotModelAscan ModelTableHand,lMdex

put index into ind - move index into local variable
put Mode*TTabandC.bntMg-rTylpeInd] into i -- get the number of data point of the Ascan
put 144/255 into sf -- calc screen scale factor
put S into x
add 3 to ind
put S into sl -left offset
put 6 into st -- top offset
put 236 into sr - right offset
put 146 into sb -- bottom offset
SetRect arect,slst,srsb - build a rectangle structure
BackPat black - set the background pattern
PenPat white - set the pen to white
PenStze 1, 1 - set the pen size to I pixel by I pixel
MoveTo x,( ModelTabieHando.lntegerType[kid] * sf )+st - move to the first positiod
put kid + I into startindex

CopleI nalysis D"b"ftl SANK

Figure 31. Compile!t! Development Environment

Compilelt! provides for advanced structures as well as full compatibility with the Macintosh
Toolbox. Compile!t! also supplies tools to analyze program deficiencies. One of the slowest
mechanisms in Xcmd execution is what is termed a "text callback," which occurs when the
Xcmd needs the services of the calling program. When HyperCard's services are needed, such
as checking if the mouse is within an object, the Xcmd passes the "mousewithin" query back to
HyperCard. Then, HyperCard answers with a True or False. In a text callback, many
conversions must take place, resulting in slow processing. Compilelt! allows the user to
analyze callbacks and points out areas that can be optimized.
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Another feature unique to Compilelt! is its sophisticated optional debugging facility. This
utility attaches a symbolic debugger to the application's code resource that is activated upon
entering the Xcmd. Figure 32 is a sample screen of Compilelt!'s debugger. Within the
debugger, the programmer can set and clear breakpoints, view and modify containers
(variables), and review callbacks. In short, Compilelh! has opened Xcmd development to the
novice Macintosh developer.

0 PlotModelAscan M1r

DebugIt!' TM )1991 ltty Bitty Computers, All Rights Reserved.

E step over E] Review TeHt Callbacks

Step El Review Binary Callbacks
o (82)

Trace j , the result ?

SResume ]PlotllodelRscan

Clr Bkpts ] it ? NiiY
orect R (record)

___SendMsg 1block R (record) 01
white R (record)

Refresh j modeltablehand H "test"

index H "1" {•

global arect:Rect(8] -- allocate a shared rectangle

-- this function will plot a model Ascan signal
function PlotilodelAscan tlodelTableHand, Index

put index into ind - move index into local variable
put ModelTableHandle.IntegerTypetIndI into i - get the number

0 put 144/255 into sf -- calc screen scale facter
put 8 into x

Figure 32. Compilelt! Debugger

4.3.3 Multimedia Development Tools

4.3.3.1 Digitized Voice

To make the Trainer software captivating and user-friendly, we made extensive use of Farallon
Computing's MacRecorder and SoundEdit to create digitized sound. MacRecorder, an external
hardware device used to capture digitized sound, is accompanied with a sound editor and an
Xcmd utility for playing the sound via a 4GL. Figure 33 shows the SoundEdit screen which
allows the developer to record and manipulate the sound. SoundEdit also provides a wide
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array of effects (filters) that can be applied to the sound. For example, an echo filter can be
applied to the voice sample to create an echo chamber effect. The developer can also rearrange
words by simply cutting and pasting the sound spectrum.

File Edit Settings Windows Color Mil

Figure 3 Samples MceorderDsla

Oncethes.ene inded io S

vam selet. Enxelopel... sd.' , To play

"teson, ,h prgame sipyetr•h cit "PAYNDINROUC 'IO ., The

Filter...
Flanger

4.FM Synthesis...
Noise ...

Pinv Pong aco•• i ; ; '"M! R e v e r b .. . I,,: RiIýiI '/11

Figure 33. Sample MacRecorder Display

Once the sound has been defsned, it is saved as a "snd resource" and imported into SuperCard
via a menu selection. Next, an Xcmd for playing sound is imported into SuperCard. To playthe sound, the programmer simply enters the script: "PLAYSND INTRODUCTION." The

number of sounds is limited only by the amount of available memory; but caution must beused, because digitized sound requires huge amounts of space.

4.3.3.2 Context -Sensi ti ve Help System

In keeping with the objective of providing a captivating interface for novice computer users, we
used a package called Bright Star Technology's InterFACE (Interactive Facial Animation
Construction Environment) to develop an on-line help system. InterFACE provides tools to
create on-screen talking agents that interact with and guide users through the training system.
'Me InterFACE package consists of two major products: a complete graphical editing
environment that assists developers in creating the customized on-screen agent, and voice
synchronize. Agent images can be drawn with these supplied tools or created by importing
digitized images captured with a video camera or scanning device. To create a new agent, the
developer draws or captures the agent's face with the mouth position resemblin~g the supplied

template. Figure 34 shows the agent editor with the agent's mouth position saying the letter
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"F." For each letter or sound, the de,., loper must draw the agent with the correct mouth

position. To produce reasonable, simulated, mouth-to-voice synchronization, a total of 32
agent images must be created.

OFile Edit Go Acters Sounds Dressing Room Mail

digtied oieegmntandtyesingthe spkn3etec. InterFACE convert theitxtot

phonemes and then to its internal language, which consists of phonetic symbols plus facial
expression codes. Finally, the user must test the end result and perform timing adjustments as
necessary. If digitized voice is not required, the Macintalk voice synthesizer software could be
used. Although the Macintalk driver software does not produce the same degree of definition
as digitized voice, it uses far less memory and requires little or no synchronization.

InterFACE may also be called from traditional programming languages such as C and Pascal or
from 4GLs. A driver, called RAVE, is placed in the system folder of the Macintosh and is
activated via low-level calls. In SuperCard, the supplied Xcmd is called to activate the talking
agent. For example, to wake the agent and have it say, "Hello can I help you," the following
command would be invoked:

RAVE(Hello Can I Help You.].

The RAVE Xcmd will then call the RAVE driver, which will control the computer-generated
voice and synchronization of facial expressions. Another useful feature of the package is the
ability to have multiple agents interacting on the screen simultaneously. Thus, agents can be
programmed to talk with each other during tutorials or informational sessions.
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4.3.3.3 Real-Time Digitized Video

Real-time digitized video is used to create tutorials for the Trainer software. The tutorial shows
proper scanning procedures and test equipment calibration steps. To create real-time digitized
video, a special video card and supporting software must be used. We used the RasterOps'
24XLTV card. This card supports 24-bit color and has the ability to capture real-time video
from video cameras and VCRs. The card also comes with MediaGrabber software for
capturing frames of video to secondary storage. Figure 35 is a sample screen of the
MediaGrabber utility.

In the example screen, 10 frames of video are being captured at the rate of 1 frame per second.
Depending on the bit depth of the image, up to 15 frames per second can be captured. (The
standard frames per second of a VCR or video camera is 30.) Compression boards are slowly
becoming available to capture true real-time video, but we have achieved a high degree of
realism displaying 10 frames per second.

Once the video frames have been captured on disk, Director combines all captured frames into a
video sequence. Overlaid titles and sound can then be added to the video sequence to create the
desired effect. The combination of digitized video segments, sound, and titles is then saved as
Director "movies," which can be played through an Xcmd movie player supplied with Director.
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Figure 35. MediaGrabber Development Environment

49



SECTION 5

OTHER APPLICATIONS

During the development of the Trainer, different user organizations reviewed and commented
on the prototyping. As explained previously, SM-ALC NDI personnel have worked closely
with us throughout the development Their comments have helped focus the Milstar
prototyping and indicated other training applications where multimedia technology could
provide similar benefits. We have also had the opportunity to present this work at Amcrican
Society for Nondestructive Testing (ASNT) conferences ([3] and [4]), to the Air Force Wide
NDI Meeting, and to various ALCs. Based on feedback received at these meetings and
conferences, several enhancement areas have been identified and are summarized below.

The Trainer has been prototyped for pulse-echo ultrasonic inspection of Milstar radomes on
C- 135 aircraft. The most important consideration for enhancements are those related to
Milstar. First, we considered the impact that different size and shape radomes (for different
platforms) would have on the Trainer. This would only require changes in the radome
graphics; the software would require little, if any, changes. Second, we considered the impact
of a new composite for Milstar Radomes. Since signal data is read from data files into the
Trainer, most of the updates would require that designers capture new reference signals from
inspections and import them into the Trainer. At best, this would require no software changes.
However, if the size of A-scans differed significantly from existing A-scans, some tables might
have to be resized and the signal generation code modified slightly. In addition, the ir.. ge
tutorials are based on the Kevlar/polyester composite. A new composite would neces.Atate
acquiring new images to import into the Trainer. Since there is no designer utility for making
these changes, the updates would have to be made in the SuperCard environment. Still, the
changes would require very little software modifications. Finally, a different calibration
standard would require only updates to the calibration display in terms of the graphical objects
that are displayed and invisible (for sensing transducer position). Thlse and other updates only
require small, isolated changes, because the application is structured in terms of objects that are
relatively independent.

Another straightforward enhancement to the Trainer would be reusing many of the functions to
provide an inspection tool that could capture inspection results. We anticipate that many areas
of the Trainer, such as the radome graphics, drawing tools, tutorials, and ultrasonic signal
database, would be reused. An inspection tool would allow inspectors to record their results
electronically for later recall and review. Each inspection would record a radome map with the
flawed areas outlined and classified. A log of inspections could be provided for each radome,
and analysis functions could allow designers to quickly compare the results from one
inspection to the next.

A key aspect of the Trainer is the multimedia technology for on-line help and tutorials. Ideally,
experienced NDI personnel at ALCs could use this technology to create custom tutorials for
new inspections, advanced inspections, or general tutorials. In cases of new and advanced
inspections, often training procedures do not exist. In some cases, written procedures are
generated and sent out into the field. In many cases, an ALC representative will be sent to
several sites to provide training. A popular example has been the use of video tape generated at
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an ALC and sent out to field sites. Sometimes ALC representatives are sent out to the field to
provide training on existing inspection techniques that are not being performed adequately.
Using multimedia technology, a tool could be prototyped that would allow ALCs (designer
users) to create their own tutorials. The tutorials would be based on signals, images, digitized
video frames, and voice. The designer would acquire the signals and images, create video
frames and voice overlays, and use an environment that allows the different media to be
integrated and either played (like a browser) or used for testing (show several images and have
the student identify the flaw types). Interaction would be provided by allowing the designer to
specify how areas of images, signals, etc., should react to mouse position or selection.
Tutorials could be sent out as diskettes, or downloaded via modem, to the sites that require the
specific training.

One of the significant benefits of the Trainer is the ability for student inspectors to practice on
electronic test parts before evaluating production parts. Using existing technology in the
Trainer, different signals and test parts could be captured and manipulated electronically. The
changes required for ultrasonics using different test parts would be relatively straightforward.
Different test parts, such as wing flaps, would require new graphics, signal data, and tutorials.
We envision that a library (database) of electronic test parts could be generated, maintained,
and provided to multiple training sites. Similar benefits could be derived for training in eddy
current, where signal interpretation is critical and requires extensive training.
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SECTION 6

CONCLUSION

We have described the background, functions, and development approach of the Milstar
Radome NDI Trainer Prototype. At the time of this writing, the Trainer design had been
completed and most functions had been prototyped. We anticipate that the Trainer will be
completed in early FY93. A preliminary delivery to SAC field inspectors will occur in late
FY92.

When this work started, there was little or no documentation on the application of multimedia
technology to NDI training. This work has been highly experimental and has investigated how
images, interactive signals, digitized video, and voice can address NDI training problems. The
Trainer has addressed the particular issues associated with inspecting Milstar radomes.
Obviously, as noted in section 5, the techniques apply to other NDI training problems. A close
working relationship with SM-ALC NDI personnel has helped the prototyping to focus on
areas that are most problematic. This work has illustrated how ESD and MITRE can apply
prototyping to tackle a specific project application and advance the state of the art.
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GLOSSARY

3GL (third generation language): A procedural language, such as Pascal, C, and
Fortran.

4GL (fourth generation language): A modem programming language that contains
both procedural and nonprocedural features, such as SuperTalk and C++.

ALC (Air Logistics Center): Supports specific aircraft components, inspections, and
repairs.

A-Scan: A trace that shows amplitude over time, from the initial ultrasonic pulse until the
BSE is received. Most ultrasonic field inspections use A-scans.

BSE (back surface echo): The reflection of the ultrasonic pulse off the back wall (inside
surface) of the test part, such as a radome.

COTS (commercial off-the-shelf): Refers to the use of commercial hardware and
software for application development, as opposed to custom development.

CPU (central processing unit): The computer control logic used to execute programs.

Eddy Current: Testing that measures the magnitude and direction of electrical currents in
relation to the part under test.

FSE (front surface echo): The reflection of the ultrasonic pulse off the front surface of
the radome.

Multimedia: The integration of graphics, video, voice, animation, imagery, and sound into
an application.

NDI (nondestructive inspection): Consists of inspection methods that do not require
modifying the part under test, such as ultrasonics, X-ray, and eddy current.

RF (radio frequency): Refers to frequencies that can be generated by radios.

ROM (read-only memory): A nonvolatile storage device that holds fixed programs and
data, such as the Macintosh system toolbox.

SEM (scanning electron microscope): An instrument that can acquire microscope
images of a part under inspection.

SM-ALC (Sacramento Air Logistics Center): Supports ESD through the Milstar
Program and has provided the domain expertise for the Radome Inspection Trainer.

Xcmd (external command): A code resource, such as a compiled function, that can be
attached to a SuperCard Project.
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